The spatial distribution pattern and associated social interactions of Oplurus cuvieri cuvieri were studied in a deciduous dry forest of Ampijoroa, Madagascar. Home range sizes were significantly larger in males than in females. In both sexes, snout-vent length was not correlated with home range sizes. Home range of males overlapped both inter-and intrasexually. Female home ranges rarely overlapped intrasexually. Consexual aggressive interactions indicated the presence of territoriality. Distribution pattern and observed intersexual interactions suggested a polygynous mating system. Site fidelity was observed for both home range and shelter tree levels. Tail breakage was moderately frequent, implying high predation pressure and the importance of safety refuge. No sexual differences were observed in thermal environment, perch height, or perch diameter, whereas sexual dimorphism in body size and dorsal color pattern was found. More than 80% of the lizards of both sexes performed "resting" .
reported a rich variety of spacing systems ranging from sharp territoriality to broadly overlapping home ranges in lizards. When accurately estimated, distribution patterns of home ranges can lend insight into the evolution of the mating system (Rose, 1982) . Most lizard species have adopted the polygynous mating system (Stamps, 1983) . Several studies in lizards have focused on the role of ecological factors in determining spatial distribution pattern, which accordingly affect the mating system (e. g. Davies and Lundberg, 1984; Hews, 1993; Colli et al., 1997) . For instance, multi-purpose territories in Sauromalus obesus offering food, shelter, and access to females are often maintained by males, but in terms of importance, food defense is suggested as a consequence of a territorial defense (Berry, 1974) . Similarly, in Uta palmeri, the availability of resources was suggested to be a more important factor than male phenotypic traits in determining females to reside, and thus their mating partners (Hews, 1990 (Hews, , 1993 .
The Opluridae was recently elevated to the family rank from a subfamily of the Iguanidae (Frost and Etheridge, 1989) . Two genera (Chalarodon and Oplurus) compose the Opluridae and have successfully invaded the dry forest area of Madagascar. Populations of Oplurus cuvieri on Grand Comoro have evolved differently from the Malagasy counterparts and are considered as a subspecies, O. c. comoriensis, (Angel, 1942; Blanc, 1977; Meirte, 1992) . All other species are endemic to Madagascar. The systematics of this group has already been revised (Titus and Frost, 1996) , but ecological and behavioral information is scarce.
We studied the spatial distribution and the associated habitat use in a Malagasy oplurid, Oplurus cuvieri cuvieri (Gray, 1831) . We examined the sexual differences in habitat utilization as well as basic morphometric characters to clarify the influence of morphological characters and sex on lizard activities.
The mating system of this lizard is theorized on the basis of the observed social interactions and spacing patterns.
MATERIALS AND METHODS
Oplurus c. cuvieri is a medium-sized, diurnal lizard which is basically arboreal having a tree hollow especially selected for a night shelter (Blanc, 1977) . Brillet (1982) reported that Oplurus lizards were basically insectivorous, but fruits and leaves were also accepted in captivity. The present study was carried out during the early parts of their breeding season (from September 1997 to January 1998 and from September 1998 to November 1998 , when the lizards The study area (16.6ha) was a quadrat plot of a dry deciduous forest located at the Jardin Botanique A of Ampijoroa, Madagascar proximately 200m a. s. l. The vegetation was dominated by three species of Strichnos generally 9-12m in height (Razafy, 1987; Urano et al., 1994) , and scattered shrubs and open areas with abundant leaf litter were present. The quadrat trails.
All trails were human-made and regularly maintained for tourism purposes.
In this region, the climate is mainly dominated by a hot rainy season from November to April alternating with a cold dry season from May to October.
To find lizards, we walked slowly along the edge of a path or trail on a daily basis approximately between 0800h and 1800h. We started the census from different locations, but all trails were censused in every session of a daily survey.
Only the first sighting per lizard per day was used in the following data analysis even when more than one sighting was recorded. When a lizard was sighted, we recorded the posture and behavior of the lizard, whether the lizard was in sunlight or shade, and whether it was in the shelter or out of the shelter.
We also recorded the location of the site on the map and measured the perch height (using a stick ruler to the nearest 5cm), perch diameter (to the nearest 1mm), and ambient temperature (Ta). Direct neighboring lizards were recorded if also sighted, and social interactions were described. Lizards observed for the first time were captured by noose. At each capture, we measured the cloacal body mass (BM; to the nearest 1g), snout-vent length, tail length, and regenerated tail length (to the nearest 1mm for measured lengths). Occurrence of regenerated tail was confirmed by the disarrangement of the spines on the tail (Blanc, 1977) . We also described the dorsal pattern of each captured lizard using the number of dorsal transverse black bands (DBB) and the number of scales in a row of the 2nd DBB, which was always present. Sex was determined by the presence (male) or absence (female) of a yellowish ventral patch on the cloacal scales (Blanc, 1977) . Based on preliminary observations and this study, male lizards that were larger than those which performed sexual behaviors
In females, the smallest size found laying eggs (SVL=120mm) was used to determine the maturity.
Lizards were individually marked by toe clipping, color painting, and passive integrated transponders (PIT), and then released at the site of capture.
Home range size was calculated by the polygon convex method (Jennrich and Turner, 1969) on the basis of more than six observations for each adult lizard. By tracing individual home ranges on paper, we used the cut and weigh method to measure the individual area and the overlapping regions of other lizards. Three overlap measurements (percent overlap, overlap pressure, and encroachment) described by Sinervo (1994) and Abell (1999) were calculated. Basically, the former two measurements indicate how much of the home range of a given individual is overlapped by other individuals, and the latter one indicates to what extent the lizard overlaps the home ranges of other lizards.
The mean Ta of resighting was used to indicate the thermal habitat of a given individual, and comparison was made among individuals of the same sex and between the sexes. Variations in perch height and diameter between the sexes (using mean values) were also compared to examine the stratification in habitat utilization.
Tail break frequency was determined for the population over a two-year period. Because (1) intense intrasexual interactions deduced from the presence of fighting marks or recent scars on the head of male lizards did not manifest any incidence of tail break and (2) no biting tail attempt was observed during experimental malemale contests (Randriamahazo, unpubl. data), the tail break frequency is considered to be an indirect measure of predation.
Besides, sheltering lizards have often a portion of their tails left outside the hollow (Blanc, 1977) , and if a predation attempt aimed at lizards in refuge is more likely to result in tail break, the lizards would show behavioral attachment to such shelters as provide more safety to the tail. We estimated the site fidelity in this species for home range level and for shelter level. Lizards recaptured and resighted within the home range of the previous reproductive season were defined as prossessing a certain degree of home range fidelity.
When a given lizard actively used a shelter for the two consecutive years, we considered that sheltering fidelity was present.
To estimate abundance following Bailey's triple-catch method (Bailey, 1952; Marvin, 1996) , we divided mark-recapture data of each individual during the first study period (Sep 1997 to Jan 1998) into three equal capture intervals of 25 days, assuming that capture and resight probabilities were constant. Recruitment and loss rates were also estimated using the same method.
RESULTS
Among captured lizards, males were larger in overall body size and had fewer mean dorsal black bands than females (Table 1) . However, the number of scales in a row of the 2nd band and the regenerated tail length showed no sexual difference (Table 1) . Tail break frequency was =0.53, dF=1, p=0.47; males=51.6%, N=31; females=38.5%, N=26).The ANCOVA of Tb between the sexes using the Ta at capture as covariate showed no significant sexual differences (slopes: F1,51=0.07, p=0.8; intercepts: F1,52=0.47, p=0.5; Fig. 1 ).
Males had significantly larger home range sizes than females (F1 ,29=7.88, p=0.009, males= 
70.65m2, N=14
). The SVLs of females used in the home range estimation were significantly smaller than those of males (F1,29=106.73, males nor females showed significant correlation between SVL and home range size (Kendall rank Of 14 home ranges measured for females, two overlapped with those of two males, and four overlapped with those of three males (Fig. 2) . Home ranges of three females were included entirely within the home range of a single male, and the remainder partially overlapped with that of a single male. Of 17 home ranges measured for males, eight, two, one, and two overlapped with those of one, two, three, and four females, respectively.
The remainder (N=4) did not clearly overlap with any female home ranges. However, only two of the four males were actually observed without any females in their home ranges because females observed more than 10 times but always at one or two points could not be used in home range estimates. Similarly, tentative invasions by males of unknown home ranges (usually from outside the quadrat) were not counted, reducing the apparent home range overlap in some cases. Male home ranges overlapped both intrasexually and intersexually with multiple individuals, but female home ranges rarely overlapped intrasexually (Table 2) . Mean intrasexual percent overlap was 15% for adult males and nearly 0% for adult females. The overlap pressures exerted by males on females ranged from 0.0 to 2.06. The lower limit of overlap pressures indicated the presence of a female home range without shared area with males, whereas the upper limit indicated the female home range that received 2.06 of weight to space shared by more than two males (see also definition in Abell, 1999) . The extent of male encroachment on female space was highly variable among males, ranging from 0% to 90%, but the Kendall rank correlation was not significant between male home range Despite the numerous fighting marks observed on males' heads, we encountered no male-male combat. On four occasions, males were observed to chase other males out of their own home ranges. Copulations were observed for two different pairs of marked lizards having overlapping home ranges. Other social interactions between males and females with overlapping home ranges were frequently recorded (N=61) and subdivided into direct and indirect interactions.
In direct interactions, males approached females while displaying head bobbing intermittently.
Upon reaching the females, males licked the cloacal regions of the females. After the cloacal licking, females responded by tail fluttering (N=5).
In two cases, females sought refuge in a shelter, and males vigilantly cuvieri for 17 males (M) and 14 females (F) with at least seven sightings each. For example, the first line indicates that an average of 1.79 males are found in each female's home range, 72% of female space is shared with at least one male, 0.86 is the index of overlap pressure of males on females, and males overlap an average of 40% of the home range of overlapping females.
perched on the shelter trees of the females.
In contrast, lizards that positioned themselves in mutually visible sites less than 10 m apart, were considered to perform indirect intersexual interactions (N=54).
Lizards interacting with a given individual of the opposite sex were regarded as potential mates of that individual, especially when interacting lizards were within their respective home ranges. In males, the number of intersexual interactions was significantly correlated with the number of potential mates (r=0.54, N=18, p=0.02).
The more female home ranges were overlapped by the male home range, the more potential mates that male had (r=0.57, N=14, p=0.03).
Male SVL had no significant correlation either with the number of intersexual interactions (r=-0.05, N=18, p=0.85) or with the number of potential mates (r=0.09, N=18, p=0.73). At first, the two females moved close to one another (5-10cm) and then faced off by orienting their bodies parallel to one another, heads facing in opposite directions. While both lizards were in such a position, mouth gapes and rapid jaw closures were exchanged. Lizards' heads were always kept low, and some of the displays occurred underneath the leaf litter. In two cases, the resident won the combat and preserved the ownership of the hollow tree. The two combats lasted 53 sec and 454 sec. The intruder suddenly disrupted the combat and initiated a chase. Before going back to her tree, the resident performed a ritualized chase up to five meters away as the intruder ran away and stopped alternatively.
Intermittent head bobbing characterized the chase. The duration of pursuit was similar for the two cases (326 sec and 300 sec).
Outside their normal home ranges, females on the way to their oviposition sites or during oviposition also received visits by non-overlapping males (N=7). When the male approached the female, she turned her back towards him so that the male touched her cloacal region by tongue licking. The licking was repeated up to four times within one minute. The female reacted violently by fluttering her tail prior and especially after each tongue licking. This was often enough to cause the male to cease the courtship.
Lizards
were observed from ground level to potential differences in basking attempt, we performed a Bartlett's test for homogeneity of variances of the number of sighted lizards among groups (males in sun, males in shade, females in p=0.15). A repeated measures ANOVA on the number of observations per lizard, using sex and exposure condition to sunlight (sunny or shade) as independent variables and repeated measures, respectively, showed significant differences by the exposure condition to sunlight (sunny=182, shade=231; F1,47=6.14, p=0.02), but did not show significant differences by sex (F1 ,47=0.743, p=0.39), nor by the interaction of the two variables (F1,47=0.07, p=0.8).
There were significant differences in perch height between overall lizards sighted in shade and those in sunlight Lizards exploited naturally sculptured hollows available on stumps, dead logs, and live trees at various heights ranging from ground level to 6m. There was generally only one entrance to a hollow, but not always. The number of hollows per lizard was not directly counted, but extra observations revealed that lizards had one or more hollows apart from the hollow most frequently used (which also served as winter shelter).
When chased by the investigator, lizards tried at first to flee towards the frequently used hollow.
If we blocked the way to that hollow, the nearest available hollow was chosen. No two lizards took refuge in the same hollow tree at the same time, although a momentary exchange of sites was observed between mutually tolerant pairs of partners (54 observations).
In males, the number of observations per lizard perched on its own hollow tree and its partner's hollow tree were not significantly different (Wilcoxon rank test: z=-1. 42, p=0.16; lizard's Resting defined as the behavior performed during sit-and-wait foraging was the main activity for both sexes (males=82.3%, total obser-vation=226 times; females=89.6%, total obser-vation=211 times). Travelling was defined as any walking movement without an apparent purpose, and its occurrence in males (13.3%) was twice that in females (6.2%). Behaviors such as chasing, fleeing from a consexual opponent, and retreat into shelter were very scarce, and no obvious sexual differences were ascertained in the frequencies of these types of behavior (males: chasing=0.9%, fleeing=0.4%, retreat=0.4%; females: chasing=0.9%, fleeing =0% , retreat=0.9%; G test, G2=0.28, p=0.87). Reproductive behaviors represented 2.6% and 1.4% of the activity in males and females, respectively. Based on the first sighting per individual per day, no actual feeding event was recorded for either sex. However, focal observations on given individuals gave insight into the sit-and-wait foraging behaviors.
On two occasions, lizards suddenly made a fast dash from a resting posture and attacked social wasps active at a wasp nest or a swarm of bees visiting a tree in flower.
In other circumstances, leaves and flowers were ingested in the course of travelling.
The recapture rates after one year were 77.4% and 80.7% in adult males and adult females, respectively. Site fidelity over one year was estimated for males and females. All recaptured lizards were found within their previous year's home ranges (males, N=15; females, N=14) . Two out of 17 male home range owners had vanished from the quadrat, whereas all female home range owners were present. Seventeen males and 13 females out of a total of 54 recaptured in 1998 were recorded using the same shelters as in 1997.
The population abundance estimate for the second period of 1997 was 58.57 lizards.
For the same period, recruitment and loss rates were 0.11 and-0.09, respectively. The density was estimated as 3.53 lizards per ha. Male density per hectare was 1.87 against 1.57 in females. Sex ratio of the lizard population in 1997 was 1.19:1 (N = 57), which was not significantly different from the 1:1 ratio (Binomial test; p=0.29).
DISCUSSION
Mean home range size estimates in males were 5 times larger than those in females. Similar home range ratios have been recorded in several iguanian lizards (Stamps, 1983) . Sexual differences in home range size probably reflect differences in activity and home range function. In contrast to females, male O. c, cuvieri were observed moving over large distances and appeared to travel from one female's activity center to another. The home range size did not increase with the male body size.
This result suggests that home range size in males may vary depending on factors other than body size, such as fighting ability independent of body size and fe- Hews, 1993 Even in a highly territorial lizard like Uta stansburiana (Tinkle, 1967) , overlap of territories between lizards of the same sex occurs because intruders can not be easily detected. Function of male territoriality seems to be related to the guarding of potential mates like many other iguanian lizards (Dugan, 1982; Ruby, 1985; Rodda, 1992) . Female territoriality in iguanian lizards is either simply lacking [e. g. Sceloporus undulatus (Ferner, 1974) , Uta palmeri (Hews, 1993) ], undergoes seasonal changes [e. g. Sceloporus jarrovi (Simon, 1975; Ruby, 1978) ], or is strict [e. g. Anolis acutus (Ruibal and Philibosian, 1974) , Sceloporus virgatus (Smith, 1985) , Uta stansburiana (Tinkle, 1967) ]. In female O. c. cuvieri, despite the slight overlap of female home ranges, there is a rather strict territoriality. Stamps (1983) has suggested that the presence of polygamous mating systems in insectivorous lizards should be conditioned by the male home ranges overlapping more than one female home range. The distribution pattern of home ranges and the occurrence of social interactions suggest a polygynous mating system in O. c. cuvieri. The social organization showing intersexual overlap seems widespread in iguanid lizards, in which a male has a home range shared by one or several females that are his mates [Anolis sagrei (Evans, 1938) , Sceloporus olivaceous (Blair, 1960) , Uta stansburiana (Tinkle et al., 1962) (Mason, 1992) . Males lick the cloacal region of females prior to copulatory behavior in Uta stansburiana (Ferguson, 1966; Tinkle, 1967) and in Amphibolurus fordi (Cogger, 1978 ). If the mating success depends upon precopulatory mate guarding, males may benefit from knowing the receptivity of all potential mates so that it may guard the right female at the right time.
Adults of O. c, cuvieri are sedentary, and once having established a home range around a main shelter tree, they tended to remain there. When basking they tended to climb up the trees in search of sunrays shining through the canopy. However, mean perch heights indicate that the lizards stayed more frequently near the ground level, presumably because this was more favorable to sit-and-wait foraging.
In contrast, arboreal herbivorous iguanian lizards tend to stay in the canopy (Van Devender, 1982) .
Although the home range sizes were quite different, there were virtually no sexual differences in thermal conditions and microhabitat features in O. c. cuvieri. The sexual size dimorphism and the sexual differences in dorsal color pattern seem to suggest behavioral pattern differences between the sexes. The abundance estimates of males and females were relatively low compared to those of other arboreal iguanian lizards (always exceeding two lizards/ha for both sexes) given in Stamps (1983) .
In lizards, proximate environmental factors such as thermal environment and habitat structure have been reported to influence distribution (Rougharden and Heckel, 1981; Adolph, 1990; Grover, 1996) . Some biotic factors are also known to produce similar effects on lizard spacing pattern (e.g. food availability: Simon and Middendorf, 1976; Rougharden, 1977; Hews, 1993) . Gibbons and Lillywhite (1981) and Clark and Gillingham (1990) considered avoidance of detection by predators as a determining factor in microhabitat uses. A sleep-site fidelity as an adaptive strategy for avoiding predation has been reported in Anolis gundlachi (Clark and Gillingham, 1990) . The high frequency of tail break in O. c. cuvieri suggests a high predation pressure and implies the importance of relevant safety refuge.
The fidelity to shelters as well as to home ranges may suggest the effects of predation on the distribution pattern in this species.
Safety of the hollows associated with physical features such as location, depth, wideness, and entrance shape should be investigated.
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